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ABSTRACT: Two blue-green algae, Lyngbya majuscula (Dillwyn) Harvey ex Gomont and L. 
martensiana Meneghini were collected from Miani Hor (Balochistan) at the Arabian Sea coast of 
Pakistan and extracted in methanol. Altogether 43 different fatty acids (FAs) have been detected in their 
extracts including 15 saturated (SFAs) and 28 unsaturated ones (UFAs) by gas chromatography-mass 
spectrometry (GC-MS). The UFAs contained 12 mono- (MUFAs), 6 di- (DUFAs), 8 tri- (TUFAs) and 2 
poly-unsaturated acids (PUFAs). The UFAs occurred in larger proportion (58.09 %) than SFAs (41.87 
%) in L. martensiana, while the quantity of SFAs was greater (54.19 %) than UFAs (45.77 %) in L. 
majuscula.  In the latter species, palmitic acid was found in the highest proportion (22.20 %) and in the 
former oleic acid was detected in the largest amount (6.93 %). From L. majuscula one epoxy lipid 
(nonadeca – 9, 18 – dien – 6, 7 – diol), two isoprenoid hydrocarbons (wolficene & iso-wolficene), three 
sterols (-sitosterol, 22-dehydro-24-isopropyl cholesterol & 24-isopropyl-5-cholesten-3-ol) and one 
triterpene (Filican-3-one) and from L. martensiana three sterols (cholesterol, dinosterol & stigmasterol) 
one triterpene (naviotine-A) and a disaccharide (sucrose) have been isolated and chemically elucidated 
by (EI-, FAB-, FD- & HR)-MS, 1H- & 13C-NMR spectroscopic techniques. The extracts of both the 
species exhibited a strong antimicrobial activity against all the tested 14 bacterial and 20 fungal species. 
Although their cytotoxic activity against brine shrimp larvae was non-significant, but they revealed 
appreciable results of fungicidal bioassay against 8 saprophytes, 7 human- and 5 plant-pathogens. 
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INTRODUCTION 
  
 Systematic scientific evaluation of algal organisms to isolate and identify their secondary 
metabolites, however, started in the earliest part of twentieth century as a result of which a 
new branch of phycology has been established as phycochemistry (Shameel 1990). It deals 
with the study of natural products, secondary metabolites and other chemical constituents 
occurring in algae from a biological standpoint (Shameel 2005). Several studies have been 
carried out so far on the secondary metabolites and other natural products of seaweeds from 
the coast of Karachi (Bano et al. 1987a, b, Usmanghani et al. 1987a, b, Ahmad et al. 1990, 
1991a, b, 1994, Shaikh et al. 1990a, b, 1991 a, b, c, 1995, Atta-ur-Rahman et al. 1991, 
Shameel et al. 1991, Aslam et al. 1994). After the write-up of comprehensive and preliminary 
checklist of seaweeds occurring at the coast and in inshore waters of Pakistan (Shameel and 
Tanaka 1992), which is an aid for field workers, the interest in marine algae was much 
developed and invited the attention of research workers in the allied fields of phycology. The 
efforts in this regard boosted the marine research and provoked the utilization of marine algae 
which are found either as attached forms (benthos) or as free floating forms (plankton) near 
the coastal belt of Pakistan. 
 Several attempts have been made to investigate the phycochemistry and bioactivity of 
freshwater and marine algae of Sindh Province of Pakistan (Qasim 1986, Shameel 1990, 
Ahmad et al. 1994, Shaikh et al. 1995, Aliya and Shameel 1999, 2003, Ghazala et al. 2004a, 
b, Ghazala and Shameel 2005, Naila et al. 2005, Valeem and Shameel 2005) but no such 
study was made on any estuarine alga or any algal species from Balochistan, province. 
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 Therefore, some estuarine algae were collected from an area of Miani Hor in the 
Balochistan, where there was an influx of freshwater in the sea. They were investigated 
phycochemically and their bioactivities were also studied. The present investigation is a part 
of this research program. 
 
MATERIALS AND METHODS 
 
Algal material: The arid coastline of Balochistan stretches from Hub River in the east to 
the mouth of Dasht River in the west at the Iranian border (between Sonmiani Bay near 
Karachi and Strait of Hormuz near Gwatar Bay) covering 770 km. The coastline includes 
rocky headlands, bays, lagoons and wide alluvial plains. Although, much of the coastline 
resembles a barren desert region, but there are spectacular landscapes at localitie s of 
Jiwani, Gwadar, Pasni and Ormara. Specimens of Lyngbya martensiana were collected on 
16
th
 September 2001 at the edge of the mangrove area near East Point, Miani Hor, 
Balochistan (Fig. 1). It was found near mangrove swamp. Lyngbya majuscula was 
collected on 20
th
, 25
th
 and 30
th
 December, 2001 from East Point. It was found forming a 
thick mat at the bottom of 1 m deep water. Bulk of the collected material was dried in 
shade to prevent the breakdown of large molecules of certain thermolabile natural 
products. The dried material was then chopped into small pieces and weighed.  
 
Fig. 1.  Map showing the sites of collection (    ) and their location at Miani Hor, Balochistan. 
 
Isolation of fatty acids (FAs): 
 
Extraction & saponification: The chopped and weighed material was then soaked in 
methanol (MeOH) in large glass jars and kept in the solvent for at least a month at room 
temperature. The crude extract of the material thus obtained was then filtered to remove all 
solid algal particles and then evaporated on rotary evaporator under reduced pressure. This 
yielded a dark green, thick residue, which was then weighed. To a small (weighed) portion of 
the extract, 150 ml ethanol:water (EtOH:H2O, 1:1, v/v) containing 10 % KOH was added. The 
mixture was concentrated under reduced pressure and then H2O and diethyl ether (Et2O) were 
added to it. It was then shaken vigorously and the Et2O layer was separated, which was 
evaporated and used for FA- analysis. 
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Column chromatography (CC): Most of the extracts, with the exception of that in which a 
part of the extract was saponified, were directly partitioned with H2O and n-hexane or ethyl 
acetate (EtOAc). The washing with Et2O or n-hexane was repeated thrice and the Et2O or n-
hexane layer was removed. The extract of n-hexane or Et2O was then evaporated under 
reduced pressure and a thick oily, dark green residue was obtained. The residue was weighed 
and accordingly a suitable sized silica gel column grade 60 (70-230 mesh) was chosen. The 
material was then loaded on to the column. The fractions were eluted (100 ml each) initially 
in n-hexane and then polarity was gradually increased by increasing the amount of chloroform 
(CHCl3) or Et2O. The initial fractions, which were thick and oily starting from pure n-hexane 
upto about n-hexane:ether or n-hexane:chloroform (70:30), were analysed for FAs after being 
checked on TLC cards. 
 
Esterification & identification: All the FA-fractions obtained (both by CC and by 
saponification) were esterified with diazomethane, 0.5 mg of each fraction was dissolved in 
MeOH and 0.5 ml of diazomethane was added to it. The reaction mixture was kept overnight 
at room temperature (28
o
 C) and evaporated under reduced pressure. The methylated FA-
fractions were analysed first by GLC and finally by GC-MS. The final identification of FAs 
was done by matching their GC-mass spectra with those of the NBS-mass spectral library 
(Helles and Milne, 1978). 
 
Separation of other natural products: 
Extraction: The procedure for the extraction of sterols, terpenes, carbohydrates and 
glycosides was the same as described above for FAs. After the elution of initial fractions of 
FAs, the next eluted fractions were checked on TLC cards (5 x 10 cm) and those having 
similar profiles after being sprayed with Ce(SO4)2 were pooled together and then purified 
further for the natural products present. 
 
Purification & identification: Purification of these natural products was carried out in order 
to remove the chlorophyll molecules attached with the compound under investigation, or any 
other natural product which might have been eluted along with this compound. The 
purification was either done by repeated CC (where the compound originally eluted from the 
main column was loaded on to a small silica gel column and small fractions (10 ml each) were 
eluted, which were again checked on TLC until the compound was found in pure form) or by 
thin layer cards (TLC, 20 x 20 cm). Purification was carried out by running the plates or cards 
in the suitable solvent system and then spraying by (CeSO4)2. The purified strip with the 
compound was scratched and the compound was filtered with chloroform and MeOH was 
evaporated under vacuum to yield the purified compound. The sterols, terpenes, glycosides 
and polysaccharides were finally identified with the help of different spectroscopic methods 
like IR and UV, (EI-, FAB-, FD- & HR)-MS, (
1
H- & 
13
C) -NMR, COSY-45 and 2D 
1
H-
13
C 
chemical shift experiments. For identification of a sterol glycoside, an acid hydrolysis was 
also carried out. 
 
Instrumentation: 
CC & TLC: The thin layer chromatography (TLC) was performed on DC-Microcards SIF 5 
x 10 cm (silica gel with fluorescent indicator 254 nm on aluminium cards) with layer 
thickness 0.2 nm. Purification of compounds was carried out on DC-cards SIF 20 x 20. The 
preparative thick layer plates were made on simple glass plates (20 x 20 cm) by pouring dilute 
silica gel PF 254 on them. The glass plates were first air-dried and then activated in oven at 
110
o
 C. The final purity of a compound was checked on TLC (thin layer or thick layer) by 
spraying with 10 % solution of Ce(SO4)2 in 2N H2SO4. 
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GLC & GC-MS: The unknown FA-fractions were analysed by gas liquid chromatography 
(GLC) along with methyl ester standards on Shimadzu GC-9A model gas chromatograph, 
equipped with Shimadzu C-R6A chromatopac integrator. The column length was 2 m, 
whereas inner diameter of the column was 3 mm and outer diameter 5 mm. The column 
material used was GP 3 % SP-2310/2 % SP-2300 on 100/120 Chromosorb WAW. The 
column initial temperature was 150
o
 C, while final temperature was 250
o
 C with a rate of  
increase of 8 
o
C/min, the detector as well as injector temperature was 300
o
 C, nitrogen flow 
rate was 30 ml/min. The gas chromatography-mass spectrometry (GC-MS) of FA-methyl 
esters was performed on a Hewlett Packard GC with a 11/73 DEC computer system and a 1.2 
m x 4 mm packed glass capillary column, coated with gas chrome Q (100-120 mesh, OV 101, 
1 %). The column temperature was programmed from 70
o
 C to 250
o
 C with a rate of increase 
of 8
o 
C/min. The carrier gas (He) flow rate was 32 ml/min, injector temperature was 250
o
 C. 
 
UV, IR & MS: The Ultra Violet (UV) spectra were measured on a Pye-Unicam SP-800 
spectrophotometer. The Infra-Red (IR) spectra were recorded on JASCO A-302 spectrometer. 
The Electron Impact Mass Spectra (EI-MS) were recorded on Finnigan MAT-112 and -113 
spectrometer coupled with PDP 11/34 computer system. High Resolution Mass Spectrometry 
(HR-MS) and Field Desorption Mass Spectrometry (FD-MS) were performed on MAT-312 
mass spectrometer. The negative ion Fast Atom Bombardment-Mass Spectra (FAB-MS) were 
recorded on Finnigan MAT-312 and Joel JMS HX110 spectrometers coupled with PDP 11/34 
and 11/73 computer systems, respectively. 
 
1
H- & 
13
C-NMR: The Nuclear Magnetic Resonance spectra (
1
H- & 
13
C-NMR) were recorded 
on Bruker AM-300 and -400 spectrometers operating at 300 & 400 MHz for 
1
H- and 75 & 
100 MHz for 
13
C-nuclei, respectively. Chemical shifts were reported in ppm relative to TMS. 
The two-dimension COSY-45 experiments were acquired at 300 MHz with a sweep width of 
4000 Hz (2k data points) in ω2 and 2000 MHz (256 t1 value zero-filled to 1K) in ω1. The 
heteronucleus 2D 
1
H-
13
C chemical shift correlation experiments were carried out at 300 MHz 
with a sweep width of 12820 H2 (2K data points) in ω1 and 1024 H2 (256 t1 value zero –filled 
to 2K) in ω2. In both the 2D experiments, a 2 second relation delay was used and 16 transients 
were performed for each t1 value. 
 
Bioactivity studies: 
Antibacterial diffusion technique: In this technique antibacterial agents are allowed to 
diffuse into the medium in a circle around the reservoir (well/disc), inhibiting the growth of 
the organism wherever the concentration of antibacterial agent is high enough. The activity 
was determined by agar well diffusion method (Carron et al., 1987). About 24 hours’ old 
culture containing approximately 10
4
-10
6
 CFU (colony forming unit) was spread on the 
surface of MHA (Müller Hinton Agar) plates. Wells were dug in the medium with the help of 
sterile metallic borer. Test samples of different concentrations were added in their respective 
wells. Experimental plates were incubated at 37
o
C for 24 hours and zones of inhibition were 
measured and compared with standard antibiotics. Activity was determined by measuring 
diameter of zones showing complete inhibition (in mm) and growth was calculated with 
reference to positive control and compared with standard antibiotics. 
 
Antifungal activity: It was also performed by agar diffusion method of Carron et al. (1987) 
by incorporating the test substances with Sabouraud Dextrose Agar (SDA) medium (Biolife 
V, le Monza, 22-20128 Milano, Italy, Code 402005, Batch No. 5B2601) at different 
concentrations in DMSO (dimethyl sulphoxide) and diluted with distilled water.  
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 Nonsolidified SDA medium was poisoned with compounds of desired concentrations 
prepared from the stock solutions and allowed to solidify. Each Petri-dish was inoculated with 
a 4 mm diameter disk of inoculum removed from 7 days old cultures of different fungi 
(human pathogens supplied by Department of Microbiology and plant pathogens obtained 
from MAH Qadri Biological Research Centre, University of Karachi). Other media were 
supplemented with DMSO and standard drugs i.e. Ketoconazole & Miconazole (generously 
donated by Johnson & Johnson (Pvt.) Ltd., Karachi) and Amphotericin B (donated by Bristol-
Myers Squibb (Pvt.) Ltd., Karachi) serving as –ve and +ve controls respectively. Treatments 
were replicated 3 times and the tubes incubated at 28 ±1
o
 C. Growth on the compound 
amended medium was determined by measuring linear growth (in mm) and growth inhibition 
calculated with reference to negative control. The ED50 values were calculated according to 
Davis et al., (1972) as modified by Shaukat et al. , (1980). 
 
Brine shrimp lethality bioassay (in vivo): Brine shrimps (Artemia salina Leach) have been 
used previously in a number of bioassay systems (Meyer et al., 1982), but in HEJ Research 
Institute of Chemistry, University of Karachi a method has been developed, in which natural 
product extracts, fractions or pure compounds are tested at the concentrations of 10, 100 and 
1000 µg/mL in vials containing 5 ml of brine and 10 shrimp larvae in each of three replicates 
(Mansoor, 1997). Survivors are counted after 24 h. These data are processed in a simple 
programme on computer to estimate LD50 value of test substances. 
 
RESULTS 
 
The following two species of Lyngbya C. A. Agardh ex Gomont 1892: 118 nom. cons. have 
been identified belonging to the family Oscillatoriaceae, order Nostocales, class Nostocophyceae, 
phylum Cyanophyta (fide Shameel 2001)  and  taxonomically described as follows:  
  
1. Lyngbya majuscula  (Dillwyn 1809) Harvey in Hooker 1833: 370 [= Conferva 
majuscula Dillwyn 1809]: 
Thallus blue-green to yellow-brown filaments, with thick and colourless sheath; cells 3.0 – 
4.5 m long, 42 - 46 m broad; septa neither constricted nor granulated; end cells rounded, 
calyptra absent (Fig. 2a). 
 
2. Lyngbya martensiana   Meneghini 1837: 12 ex Gomont 1892: 
Filaments solitary, straight, 6.9 – 15.9 m broad; sheath coloured, homogenous; trichomes 6.5 
– 12.0 m broad, 2.0 – 3.5 m long; cells blue-green; granulated cross walls; apical cell 
rounded, generally without thickened outer membrane (Fig. 2b). 
 
Analysis of fatty acids (FAs): Two fractions of L. majuscula obtained from column 
chromatography were analysed for FAs. Fraction A was eluded from column in n-hexane 
(100 %) and fraction B in n-hexane:chloroform (92:8). They were methylated by 
diazomethane and then analysed first by GLC and then by GC-MS. The final identification of 
individual FAs was carried out by matching their mass spectra with NBS mass spectral library 
(Helles and Milne 1978). The presence of 24 different FAs was detected, out of which 11 
were found to be saturated and 13 unsaturated (Table 1).  
The latter included 3 mono-, 3 di-, 6 tri- and one poly-unsaturated FA. In L. martensiana three 
fractions were obtained from column chromatography. Fraction A was eluded from column in n-
hexane (100 %), fraction B in n-hexane:chloroform (95:05) and fraction C in n-hexane:chloroform 
(90:10). They revealed the presence of 34 different FAs, out of which 13 were found to be saturated 
and 21 unsaturated. The latter included 10 mono-, 4 di-, 5 tri- and 2 poly-unsaturated FAs. 
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Table 1. Comparison of phycochemistry and bioactivity of the two investigated 
species of Lyngbya. 
No. Compounds/ organisms L.  majuscula L.  martensiana 
C14:3 Tetradecatrienoic acid   - 1.06 
C15:3 3,7,11-Trimethyl-2,6,10-dodecatrienoic 
acid 
0.78 
2.83 
C16:3 6,10,14-Hexadecatrienoic acid   10.43 0.42 
C17:3 Heptadecatrienoic acid 10.36 5.03 
C18:3 9,12,15-Octadecatrienoic acid  - 2.11 
        V.  Polyunsaturated (PUFAs) 8.33 11.43 
C16:4 Hexadecatetraenoic acid  8.33 6.06 
C18:6 Octadecahexaenoic acid  - 5.37 
      VI.  Natural products   
1. Nonadeca-9,18-dien-6,7-diol + - 
2. Wolficene + - 
3. Isowolficene + - 
4. Cholesterol - + 
5. Stigmasterol - + 
6. -Sitosterol + - 
7. 22-Dehydro-24-isopropyl cholesterol + - 
8. 24-isopropyl-5-cholesten-3-ol + - 
9. Dinosterol - + 
10. Filican-3-one + - 
11. Naviotine-A - + 
12. Sucrose - + 
     VII. Antibacterial activity mm mm 
1. Bacillus cereus 19 19 
2. Corynebacterium diphtheriae 20 19 
3. Escherichia coli 17 13 
4. Klebsiella pneumoniae 13 17 
5. Listeria monocytogenes 14 14 
6. Proteus mirabilis 25 19 
7. Proteus vulgaris 13 7 
8. Pseudomonas aeruginosa 18 14 
9. Salmonella typhi 23 25 
10. Shigella boydii 25 24 
11. Staphylococcus aureus 24 13 
12. Streptococcus faecalis 13 7 
13. Streptococcus pyogenes 19 19 
14. Vibrio cholerae 13 19 
Table 1 Cont’d… 
Aftab and Shameel:       Phycochemistry and bioactivity of Lyngbya 113 
   
No. Compounds/ organisms L.  majuscula L.  martensiana 
   VIII.  Antifungal activity   
 Human pathogens % % 
1. Allescheria boydii 75.60 39.02 
2. Candida albicans  73.68 81.05 
3. Epidermophyton floccosum 86.11 88.88 
4. Microsporum canis 81.13 5.66 
5. Trichophyton longifusus 54.28 68.57 
6. Trichophyton mentagrophytes 29.41 90.19 
7. Trichophyton semii 89.47 93.68 
 Saprophytes % % 
8. Aspergillus flavus 89.79 82.65 
9. Drechslera rostrata 8.33 75.00 
10. Gliocladium virens 86.27 87.25 
11. Nigrospora oryzae -6.15 47.69 
12. Paecilomyces lilacinus 81.39 80.23 
13. Stachybotrys artra 90.47 89.28 
14. Trichoderma hamatum 73.33 75.00 
15. Trichoderma harzianum 81.73 79.80 
 Plant pathogens % % 
16. Fusarium oxysporum 86.51 87.64 
17. Macrophomina phaseolina 84.69 82.65 
18. Pythium aphanidermatum 70.68 72.41 
19. Pythium oedochilum 61.70 80.85 
20. Rhicoctonia solani 77.27 75.75 
IX.          Cytotoxic activity µg/ml µg/ml 
1. Artemia salina 109 142 
- = Not detected, + = present. 
 
Detection of epoxy lipid and isoprenoid hydrocarbons: A compound was eluted in mixture 
form in n-hexane:chloroform (70:30) from column of L. majuscula and purified on 
preparative thick layer silica gel glass plates in solvent system n-hexane:chloroform (1:1). 
Purity was then checked on TLC card in solvent system n-hexane:chloroform (60:40) by 
spraying with Ce(SO4)2. On heating this gave a single brown spot. After different 
spectroscopic methods it was identified as nonadeca-9,18-dien-6,7-diol, an epoxy lipid (Fig. 3 
[1]. Some of its physical properties are given in Table 2. Two more compounds were eluted 
from column of L. majuscula in n-hexane:chloroform (20:80).  They were further purified on 
preparative silica gel glass plates in solvent system n-hexane:chloroform (10:90).  Their purity 
was checked on TLC card in solvent system n-hexane:chloroform (10:90) and after spraying 
with Ce(SO4)2 a pure single purple spot was found, the 2
nd
 compound showed the pinkish red 
single spot. After different spectroscopic methods they were identified as wolficene and 
isowolficene (Fig. 3 [2 & 3]). Some of the physical properties of the identified isoprenoid 
hydrocarbons are given in Table 2. 
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Isolation of sterols: Three sterols were identified from the fractions of L. majuscula eluted 
from the silica gel column. Compound 1 was eluted in mixture form in n-hexane:chloroform 
(85:15) from column and purified on preparative thick layer silica gel glass plates in solvent 
system n-hexane:chloroform (80:20). Purity was then checked on TLC card in solvent system 
n-hexane:chloroform (80:20) by spraying with Ce(SO4)2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Lyngbya, parts of filaments: a. L. majuscula, b. L. martensiana. 
 
On heating this gave a single pinkish red spot. After different spectroscopic methods it 
was identified as -sitosterol (Fig. 3 [4]). Compound 2 was eluted in pure form in solvent 
system n-hexane:chloroform (70:30), purity was checked on TLC card in solvent system n-
hexane:chloroform (60:40) by spraying with Ce(SO4)2. On heating this gave a single red spot. 
After different spectroscopic methods it was identified as 24-isopropyl-5-cholesten-3-ol (Fig. 
3 [6]). Compound 3 was eluted in mixture form in n-hexane:chloroform (60:40) from column 
and purified on preparative thick layer silica gel glass plates in solvent system n-
hexane:chloroform (1:1). Its purity was checked on TLC card (same system as above) and 
after spraying with Ce(SO4)2 a pure pinkish red spot was found. After various spectroscopic 
methods it was identified as 22-dehydro-24-isopropyl cholesterol (Fig. 3 [5]). Some of the 
physical properties of the identified sterols are given in Table 2. 
Three sterols were identified from the fractions of L. martensiana eluted from the silica 
gel column. Compound 1 was eluted in a mixture from n-hexane:chloroform (80:20) from 
column and purified on preparative thick layer silica gel glass plates in solvent system n-
hexane:chloroform (75:25). Purity was then checked on TLC card in solvent system n-
hexane:chloroform (75:25), and after spraying with Ce(SO4)2 a pink red spot was found. After 
various spectroscopic methods it was identified as stigmasterol (Fig. 4 [2]). Compound 2 was 
eluted in pure form in solvent system n-hexane:chloroform (70:30). Its purity was checked on 
TLC card in solvent system n-hexane:chloroform (60:40) by spraying with Ce(SO4)2. On 
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heating this gave a single red spot. After different spectroscopic methods it was identified as 
dinosterol (Fig. 4 [3]). Compound 3 was eluted in mixture form in n-hexane:chloroform 
(70:30) from column and purified on preparative thick layer silica gel glass plates in solvent 
system n-hexane:chloroform (60:40). Purity was then checked on TLC card in solvent system 
n-hexane:chloroform (60:40), and after spraying with Ce(SO4)2 a dark red spot was found. 
After various spectroscopic methods it was identified as cholesterol (Fig. 4 [1]). Some of the 
physical properties of the identified sterols are given in Table 2.  
 
Extraction of triterpenes: A triterpene was purified and eluted from column of L. majuscula 
in n-hexane:chloroform (30:70). It was further purified on preparative silica gel glass plates in 
solvent system of n-hexane:chloroform (20:80). The purity was checked on TLC card in the 
solvent system of n-hexane:chloroform (0.5:9.5) and a purplish spot was found after spraying 
with Ce(SO4)2. After various types of spectroscopy it was identified as filican-3-one (Fig. 3 
[7]). Another triterpene was purified and eluted from column of L. martensiana in n-
hexane:chloroform (10:90). It was further purified on preparative silica gel glass plates in 
solvent system of n-hexane:chloroform (0.5:9.5). Its purity was checked on TLC card in the 
above system and a purplish spot was found after spraying with Ce(SO4)2. After various types 
of spectroscopy it was identified as naviotine-A (Fig. 4 [4]). Some physical properties of these 
triterpenes are given in Table 2.  
 
Separation of disaccharide: The residue from pooled fractions of L. martensiana, eluted 
with chloroform:methanol (95:5), was crystallized and recrystalized from methanol to afford 
fine white needles. Purity was then checked on TLC card in solvent system 
chloroform:methanol:water (4:6:0.5) by spraying with Ce(SO4)2. On heating this gave a single 
dark purple spot. After different spectroscopic methods it was identified as sucrose (Fig. 4 
[5]). Some of its physical properties are given in Table 2.  
 
Bioactivity studies: The methanol extracts of Lyngbya spp. exhibited a strong antibacterial 
activity against all the 14 tested bacterial species. It also showed a strong antifungal activity 
against all the 20 tested fungal organisms (Table 1). Although its cytotoxic activity against brine 
shrimp larvae was non-significant, but it revealed appreciable results of fungicidal bioassay 
against all the tested 7 human pathogens, 8 saprophytes and 5 plant pathogens. In general, 
methanol extracts of both the species presented very promising results of antimicrobial activity.  
 
DISCUSSION 
 
Altogether 43 FAs have been detected in the two investigated species of Lyngbya 
including 15 SFAs and 28 UFAs. The UFAs contained 12 MUFAs, 6 DUFAs, 8 TUFAs and 2 
PUFAs (for explanation of abbreviations see Table 1). It is interesting to note that UFAs 
occurred in larger amount (58.09 %) than SFAs (41.87 %) in L. martensiana, while the 
quantity of SFAs was greater (54.19 %) than UFAs (45.77 %) in   L. majuscula. In the latter 
species, palmitic acid was found in the highest amount (22.20 %) and in the former oleic acid 
was detected in the largest quantity (6.93 %), both these acids occurred in a small amount in 
the other species. The former species appeared to be highly variable as it contained 34 FAs as 
compared to 24 FAs of the latter. The PUFAs up to 6 double bonds (DBs) were found in 
them.  The nutritional significance of these algae that has potential economic value lies in 
PUFAs (Agustini et al., 2003). Some FA-amides have been detected in L. semiplena (Han et 
al., 2003).  Hydroxy, n SFAs, branched, dioic and UFAs have been identified in L. ceylanica  
(Rezanka et al., 2003). 
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Table 2.  Natural products isolated from Lyngbya majuscula and L. martensiana. 
Structure 
number* 
Common 
name 
Molecular 
formula 
Molecular 
weight 
Melting 
point 
d 
(CHCl3) 
Lyngbya 
majuscula 
Hydrocarbons 
3 [1] 
 
 
Nonadeca-9,18-
dien-6,7-diol 
 
C19H36O2 
 
 
296 
  
 
-7.5° 
3 [2] Wolficene C31H52 424   
3 [3] Isowolficene C31H52 424   
Sterols 
3 [4] 
 
-Sitosterol 
 
C29H50O 
 
414 
 
134.5° 
 
-40° 
3 [5] 22-Dehydro-24-
isopropyl 
cholesterol 
C30H50O 426   
3 [6] 24-Isopropyl-5-
cholesten-3-ol 
C30H52O 428   
Triterpene 
3 [7] 
 
Filican-3-one 
 
C30H50O 
 
426 
  
Lyngbya 
martensiana  
Sterols 
4 [1] 
 
 
 
Cholesterol 
 
 
 
C27H46O 
 
 
 
386 
 
 
 
--- 
 
 
 
-- 
4 [2] Stigmasterol C29H48O 412 169.5° 50° 
4 [3] Dinosterol C30H50O 428 
 
220°-222° 50° 
Triterpene  
4 [4] 
 
Naviotine-A 
 
C30H50O6 
 
506 
 
 
 
231°-233° 
 
50° 
Carbohydrate  
4 [5] 
 
Sucrose 
 
C12H22O11 
 
342 
 
185° - 187° 
 
+66.5° 
*Structure numbers in Figs. 3 & 4. 
 
A variety of natural products have been isolated, purified and chemically elucidated from 
the methanol extracts of the two investigated species of Lyngbya. It is interesting to note that 
compounds detected in one species were not found in the other species. This algal genus 
appear to be rich in a variety of secondary metabolites, e.g. lyngbyastatin 3, majusculamide C, 
dolastatin 12 and lyngbyastatin -1 have been isolated from L. majuscula (Williams et al. 
2003a). Diverse secondary metabolites have also been detected like curacin A, an antitubulin 
(Change et al. 2004), wewakazole, a novel cyclic dodecapeptide (Nogle et al. 2003), 
malyngamides U, V, W (McPhail and Gerwick, 2003), quinoline alkaloids, malyngamide T 
and tryptophane derivatives (Nogle and Gerwick, 2003) and guineamides, novel cyclic 
depsipeptides (Tan et al., 2003) in L. majuscula, lobocyclamides A, B, C, lipopeptides and 
lyngbyaloside B, glycoside macrolide in other species of Lyngbya (Luesch et al. 2002, 
McMillan et al., 2002). 
Both the investigated species of Lyngbya exhibited a strong antibiotic activity against 
various pathogenic organisms and did not show any difference among themselves. Similar 
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results regarding brine shrimp bioassay were obtained from Indian marine species of Lyngbya 
(Bhaskar et al., 2004), as we found out in our estuarine species. Diverse type of cytotoxins 
(Williams et al., 2003b), chlorinated toxins (Williamson et al., 2004), neurotoxins (Edwards 
et al., 2004), lyngbya-toxin (Edwards and Gerwick, 2004), cytotoxic lipopeptides (Yokokawa 
et al., 2002) and neuroactive substances (Okino, 2003) have been detected in the marine 
species of Lyngbya, which are responsible for its strong bioactivity. 
 
HO
[1]
[2]
[4] [5]
OH
OH
HO
H
HO
[3]
H
HO
[6] [7]
 
 
Fig. 3. Natural products isolated from Lyngbya majuscula: [1] = nonadeca-9,18-dien-6,7-diol, 
[2] = wolficene, [3] = isowolficene, [4] = -sitosterol, [5] = 22-dehydro-24-isopropyl 
cholesterol, [6] = 24-isopropyl-5-cholesten-3-ol, [7] = filican-3-one. 
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Fig. 4.  Natural products extracted from Lyngbya martensiana: [1] = cholesterol, [2] = 
stigmasterol, [3] = dinosterol, [4] = naviotine-A, [5] = sucrose. 
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